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ABSTRACT 


An apparatus for attaching a cranial flap (20) to a skull (10) 
comprises an attachment device (40) having relatively mov- 
able first and second members (42 and 44). Hie first member 
(40) has first and second surfaces (56 and 58) for engaging 
first and second kerf edges (24 and 26), respectively, of a 
kerf (22). The second member (44) has third and fourth 
surfaces (120 and 122) for engaging the first and second kerf 
edges (24 and 26), respectively. A shaft (46) connects the 
first and second members (42 and 44). The shaft (46) is 
attached to the second member (44) and extends through an 
opening (114) in the first member (42). The attachment 
device (40) is positionable in the kerf (22) and movable from 
a first condition in which the first and second members (42 
and 44) are not engaged with the kerf edges (24 and 26) to 
a second condition in which the attachment device is 
wedged in the kerf between the first and third surfaces (56 
and 120) and the first kerf edge (24) and between the second 
and fourth surfaces (58 and 122) and the second kerf edge 
(26). 
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APPARATUS FOR ATTACHING A CRANIAL FLAP 

TECHNICAL FIELD 

[0001] The present invention is directed to an apparatus 
for attaching a cranial flap to a skull, from which the cranial 
flap was removed, during surgery. 

BACKGROUND OF THE INVENTION 

[0002] Surgical operations involving the human skull, 
such as brain surgery or craniofacial surgery, require that a 
section of the skull be removed. Typically, a number of burr 
holes are first drilled into the skull and which outline the 
section of the skull to be removed. A cutting tool is then 
inserted into one of the burr holes and a cut, or osteotomy, 
is made from one burr hole to then next burr hole until a loop 
is completed. The loop of osteotomies forms an opening in 
the skull and defines the section of the skull to be removed. 
The section of the skull to be removed is commonly referred 
to as a cranial flap. Because the blade on the cutting tool 
typically has a width of 1-3 mm, a kerf of that width is 
formed between the opening in the skull and the cranial flap. 
Due to the width of the kerf, the periphery of the cranial flap 
is smaller than the opening in the skull. 

[0003] When the surgical procedure inside the skull is 
complete, the cranial flap must be replaced in the opening in 
the skull and re-attached to the skull. A number of methods 
and attachment devices are known for re-attaching the 
cranial flap to the skull. One known method uses stainless 
steel wire as a suture material for wiring the cranial flap and 
the skull together. Some of the known devices include plates 
and associated screws made from either titanium or a 
bioabsorbable polymer. Other known devices employ rivet- 
type fasteners made of titanium or a biocompatible polymer 
such as acetyl resin. 

[0004] One of the disadvantages of several of the known 
attachment devices is that a portion of the device rests on top 
of, and thus protrudes from, the outer surface of the skull, 
resulting in visible and unsightly bumps under the patient's 
skin. Another disadvantage of the known rivet-type fasteners 
is that a portion of the fastener remains in contact with the 
dura, as it is generally believed that such contact with the 
dura could be potentially harmful. Thus, it is desirable to 
provide an attachment device which is disposed entirely 
within the kerf and thus does not contact the dura nor 
protrude beyond the outer surface of the skull. 

SUMMARY OF THE INVENTION 

[0005] The present invention is an apparatus for attaching 
a cranial flap to a skull during surgery. The cranial flap and 
the skull are spaced apart by a kerf defined by a first kerf 
edge on the cranial flap and an oppositely disposed second 
kerf edge on the skull. The apparatus comprises at least one 
attachment device comprising first and second members that 
are movable relative to each other along an axis. The first 
member has oppositely disposed first and second surfaces 
for engaging the first and second kerf edges, respectively. 
The first member further includes an opening extending 
along the axis. The second member has oppositely disposed 
third and fourth surfaces for engaging the first and second 
kerf edges, respectively. A shaft member connects the first 
and second members. The shaft member is attached to the 
second member and extends through the opening in the first 


member. The at least one attachment device is positionable 
in the kerf and movable from a first condition in which the 
first surface on the first member and the third surface on the 
second member are not engaged with the first kerf edge and 
the second surface on the first member and the fourth surface 
on the second member are not engaged with the second kerf 
edge to a second condition in which the at least one 
attachment device is wedged in the kerf by circumferential 
pressure and frictional engagement between the first and 
third surfaces and the first kerf edge and by circumferential 
pressure and frictional engagement between the second and 
fourth surfaces and the second kerf edge to thereby attach 
the cranial flap to the skull and prevent the cranial flap from 
moving relative to the skull. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The foregoing and other features of the present 
invention will become apparent to those skilled in the art to 
which the present invention relates upon reading the fol- 
lowing description with reference to the accompanying 
drawings, in which: 

[0007] FIG. 1 is a perspective view of a portion of a skull 
illustrating an apparatus for attaching a cranial flap to the 
skull in accordance with the present invention; 

[0008] FIG. 2 is a perspective view of the apparatus for 
attaching a cranial flap in accordance with a first embodi- 
ment of the present invention; 

[0009] FIG. 3 is a sectional view of the apparatus taken 
along line 3-3 in FIG. 1 at an early stage in the attachment 
process; 

[0010] FIG. 4 is a view similar to FIG. 3 illustrating a 
subsequent stage in the attachment process; 

[0011] FIG. 5 is a side view taken along line 5-5 in FIG. 
4; 

[0012] FIG. 6 is a view similar to FIG. 4 illustrating an 
optional further stage in the attachment process; 

[0013] FIG. 7 is a side view taken along line 7-7 in FIG. 
6; 

[0014] FIG. 8 is a perspective view illustrating an appa- 
ratus for attaching a cranial flap in accordance with a second 
embodiment of the present invention; and 

[0015] FIG. 9 is a side view of the apparatus of FIG. 8. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0016] The present invention is directed to an apparatus 
for attaching a cranial flap to a skull, from which the cranial 
flap was removed, during surgery. As representative of the 
present invention, FIG. 1 illustrates a human skull 10 on 
which surgery is being performed. 

[0017] To access a particular region inside the skull 10, the 
surgeon drills a number of burr holes 12 in the skull. A 
cutting tool (not shown) is then inserted into a first one of the 
burr holes 12 and a cut 14 is made in the skull 10 from the 
first one of the burr holes to another of the burr holes. 
Additional cuts 14 in the skull 10 are made between the 
other burr holes 12 until a loop is completed. In the 
representative illustration of FIG. 1, there are three cuts 14. 
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It should be apparent that more than three burr holes 12 and 
three cuts 14 may be made at the discretion of the surgeon. 

[0018] The loop of cuts 14 in the skull 10 forms an 
opening (not numbered) in the skull and defines a cranial 
flap 20 to be removed. While making the cuts 14, the width 
of the cutting tool forms a kerf 22 between the cranial flap 
20 and the skull 10. Hence, the cranial flap 20 is slightly 
smaller than the opening in the skull 10. When the surgical 
procedure inside the skull 10 is complete, the cranial flap 20 
is replaced in the opening in the skull and secured to the 
skull as described below. 

[0019] The kerf 22 between the cranial flap 20 and the 
skull 10 is defined by a first kerf 24 edge on the cranial flap 
and an oppositely disposed second kerf edge 26 on the skull. 
The first kerf edge 24 extends between inner and outer 
surfaces 28 and 30 (FIG. 3) of the cranial flap. The second 
kerf edge 26 extends between inner and outer surfaces 32 
and 34 of the skull. 

[0020] A first embodiment of an attachment device 40 for 
securing the cranial flap 20 to the skull 10 is illustrated in 
FIG. 2. Hie attachment device 40 according to the first 
embodiment is designed to fit into the kerf 22 that extends 
between two of the burr holes 12 in the skull 10, as is 
described further below. The attachment device 40 com- 
prises relatively movable first and second members 42 and 
44 connected by a shaft member 46 that extends along an 
axis 48. The first and second members 42 and 44 and the 
shaft member 46 of the attachment device 40 are made of a 
biocompatible metal, such as titanium or a titanium alloy. It 
is contemplated, however, that one or more of the compo- 
nents of the attachment device 40 could alternatively be 
made of acetal plastic. 

[0021] The first member 42 includes first and second 
sections 50 and 52 (FIG. 2) that are connected by a bridge 
section 54. Each of the first and second sections 50 and 52 
of the first member 42 has a wedge shape defined by first and 
second surfaces 56 (FIG. 3) and 58 (FIG. 2) that extend at 
diverging angles relative to the axis 48. The first and second 
surfaces 56 and 58 on each of the first and second sections 
50 and 52 of the first member are joined by an arcuate end 
surface 60 (FIG. 2). 

[0022] A first portion 70 (FIG. 5) of the first surface 56 
extends across the first section 50 of the first member 42 and 
a second portion 72 of the first surface extends across the 
second section 52 of the first member. Similarly, a first 
portion 74 (FIG. 2) of the second surface extends across the 
first section 50 of the first member 42 and a second portion 
76 of the second surface extends across the second section 
52 of the first member. 

[0023] The first section 50 of the first member 42 has 
generally parallel inner and outer surfaces 80 and 82 (FIG. 
5) that extend between the first portion 70 of the first surface 
56 and toe first portion 74 of the second surface 58. The first 
section 50 includes a generally planar upper surface 84 that 
is disposed opposite the arcuate end surface 60. 

[0024] The first section 50 of the first member 42 fiirtber 
includes a first tooth 90 that projects radially outward from 
the first portion 70 of the first surface 56. A second tooth 92 
(FIG. 2) projects radially outward from the first portion 74 
of the second surface 58 of the first section 50 of the first 
member 42. 


[0025] The second section 52 of the first member 42 has 
generally parallel inner and outer surface surfaces 94 and 96 
(FIG. 5) that extend between the second portion 72 of the 
first surface 56 and the second portion 76 of the second 
surface 58. The second section 52 includes a generally 
planar upper surface 98 that is disposed opposite the arcuate 
end surface 60. 

[0026] The second section 52 of the first member 42 
further includes a third tooth 100 that projects radially 
outward from the second portion 72 of the first surface 56. 
A fourth tooth 102 (FIG. 2) projects radially outward from 
the second portion 76 of the second surface 58 of the second 
section 52 of the first member 42. 

[0027] The bridge section 54 of the first member 42 
extends between the inner surface 80 of the first section 50 
and the inner surface 94 of the second section 52. The bridge 
section 54 includes generally parallel upper and lower 
surfaces 104 and 106 (FIG. 5). The upper surface 104 of the 
bridge section 54 lies below, as viewed in the Figures, the 
upper surfaces 84 and 98 of the first and second sections 50 
and 52, respectively of the first member 42, and defines a 
first recess U0 in the first member. The lower surface 106 of 
the bridge section 54 lies well above the arcuate end surfaces 
60 of the first and second sections 50 and 52 of the first 
member 42 and defines a second recess 112 in the first 
member. The bridge section 54 of the first member further 
includes an axial opening 114 that extends between the 
upper and lower surfaces 104 and 106. The opening 114 
(FIG. 3) is centered on the axis 48 and includes internal 
threads 116 (FIG. 5). 

[0028] The second member 44 resembles each of the first 
and second sections 50 and 52 of the first member 42, but is 
slightly dimensionally smaller than the first and second 
sections. The second member 44 has a wedge shape defined 
by first and second surfaces 120 and 122 (FIG. 3) that 
extend at diverging angles relative to the axis 48. The first 
and second surfaces 120 and 122 on each of the first and 
second sections 50 and 52 of the second member 44 are 
joined by an arcuate end surface 124 that faces the bridge 
section 54 of the first member 42. 

[0029] The second member 44 is further defined by gen- 
erally parallel first and second side surfaces 126 and 128 
(FIG. 5) and a generally planar lower end surface 130 that 
extend between the first and second surfaces 120 and 122. 
The lower end surface 130 is disposed opposite the arcuate 
end surface 124. The second member 44 further includes a 
first tooth 132 that projects radially outward from the first 
surface and a second tooth 134 (FIG. 2) that projects 
radially outward from the second surface 122. 

[0030] The shaft member 46 projects from the arcuate end 
surface 124 of the second member 44 and is attached to the 
second member. The shaft member 44 includes oppositely 
disposed first and second ends 140 and 142 (FIG. 5) and a 
main body portion 144 that extends between the ends. The 
first end 140 of the shaft member is captured within a cavity 
146 in the second member 44 and is supported for rotation 
within the cavity. The second end 142 of the shaft member 
44 has a hexagonal outer surface 148 for receiving a tool 
(not shown) for rotating the shaft member. The main body 
portion 144 of the shaft member 46 has an outer surface 150 
that includes external threads 152 for mating with the 
internal threads 116 in the opening 114 through the bridge 
section 54 of the first member 40. 
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[0031] To re-attach the cranial flap 20 to the skull 10, the 
cranial flap is placed in the opening in the skull in the same 
orientation that the cranial flap was in when the cranial flap 
was removed from the opening. A plurality of the attachment 
devices 40 are then placed in the kerf 22 between the skull 
10 and the cranial flap 20 in the position illustrated in FIG. 
3. The attachment devices 40 may be inserted through one 
of the burr holes 12 and then slid laterally into their desired 
locations. It should be understood that some lateral move- 
ment of the cranial flap 20 within the opening may be 
necessary in order to position several of the attachment 
devices 40 about the periphery of the cranial flap 20 as 
shown in FIG. 1. One or more microclamps (not shown) 
may also be inserted through the burr holes 12 and us ed to 
help align the inner and outer surfaces 30 and 28 of the 
cranial flap 20 with the inner and outer surfaces 34 and 32, 
respectively, of the skull 10. From the position of FIG. 3, 
each of the attachment devices 40 is operated as described 
below to attach the cranial flap 20 to the skull 10. 

[0032] As illustrated in FIG. 3, the first and second 
members 42 and 44 of the attachment device 40 are initially 
positioned such that the first surface 56 on the first and 
second sections 50 and 52 of the first member is not engaged 
with the first kerf edge 24 on the cranial flap 18, and such 
that the second surface 58 on the first and second sections of 
the first member is not engaged with the second kerf edge 26 
on the skull 10. Likewise, in the initial condition of FIG. 3, 
the first surface 120 on the second member 44 is not engaged 
with the first kerf edge 24 on the cranial flap 20, and the 
second surface 122 on the second member is not engaged 
with the second kerf edge 26 on the skull 10. 

[0033] The first and second members 42 and 44 of the 
attachment device 40 are then moved from the initial con- 
dition of FIG. 3 to a second condition illustrated in FIG. 4 
by rotation of the shaft member 46. A tool (not shown) is 
placed on the second end 142 of the shaft member 46 to 
rotate the shaft member. Because the shaft member 46 can 
rotate relative to the second member 44 and the shaft 
member is threaded into the opening 114 through the bridge 
section 54 of the first member 42, rotation of the shaft 
member causes the first arid second members to be drawn 
axially toward each other. 

[0034] As the first and second members 42 and 44 are 
drawn toward each other, the first surface 56 on the first and 
second sections 50 and 52 of the first member engages the 
first kerf edge 24 on the cranial flap 20 and the second 
surface 58 on the first and second sections 50 and 52 of the 
first member engage the second kerf edge 26 on the skull 10. 
The diverging angles of the first and second surfaces 56 and 
58 on the first member 42 begin to apply circumferential 
pressure (indicated by arrows A and B in FIGS. 3 and 4) on 
the first and second kerf edges 24 and 26, respectively, as the 
first member is drawn deeper into the kerf 22. Further, as the 
first member 42 moves toward the second condition shown 
in FIG. 4, the teeth 90 and 100 on the first surface 56 of the 
first member bit into the first kerf edge 24. Similarly, the 
teeth 92 and 102 on the second surface 58 of the first 
member 42 bite into toe second kerf edge 26. 

[0035] Likewise, as the first and second members 42 and 
44 are drawn toward each other, the first surface 120 on the 
second member 44 engages the first kerf edge 24 on the 
cranial flap 20 and the second surface 122 on the second 


member engages the second kerf edge 26 on the skull 10. 
The diverging angles of the first and second surfaces 120 and 
122 on the second member 44 begin to apply circumferential 
pressure (indicated by arrows A and B in FIGS. 3 and 4) on 
the first and second kerf edges 24 and 26, respectively, as the 
second member is drawn farther into the kerf 22. Further, as 
the second member 44 moves toward the second condition 
shown in FIG. 4, the tooth 132 on the first surface 120 of the 
second member bites into the first kerf edge 24. Similarly, 
the tooth 134 on the second surface 122 of the second 
member 44 bites into the second kerf edge 26. 

[0036] The first and second members 42 and 44 of the 
attachment device 40 are drawn toward each other until the 
upper surfaces 84 and 98 of the first member 42 and the outer 
surface 28 of the cranial flap 20 are flush with the outer 
surface 32 of the skull 10, as shown in FIG. 4. This flush 
alignment of the upper surfaces 84 and 98 of the first 
member 42 with the outer surfaces 32 and 28 of the skull 10 
and the cranial flap 20, respectively, reduces the visibility of 
unsightly bumps in the patient's skin (not shown) caused by 
the presence of the attachment device 40 underneath the 
skin. Accordingly, the attachment device 40 is suitable for 
cranial, facial, frontal, temporal, and back table applications. 

[0037] When the upper surfaces 84 and 98 of the first 
member 42 are flush with the outer surface 32 of the skull 
10, the lower surface 130 of the second member 44 is 
recessed slightly, as shown in FIG. 4) from the inner surface 
34 of the skull 10 and the inner surface 30 of the cranial flap 
20 because the second member is slightly dimension ally 
smaller than the first member. This helps to prevent any 
potentially harmful permanent contact between the second 
member 44 of the attachment device 40 and the dura (not 
shown). 

[0038] As the first and second members 42 and 44 move 
into the second condition of FIG. 4, the first and second 
surfaces 56 and 58 of the first member press firmly against 
the first and second kerf edges 24 and 26, respectively, and 
wedge the first member in the kerf 22. The first member 42 
is wedged in the kerf 22 by circumferential pressure and 
factional engagement between the first and second surfaces 
56 and 58 of the first member and the first and second kerf 
edges 24 and 26, respectively. Further, as the first and second 
members 42 and 44 move into the second condition of FIG. 
4, the teeth 90 and 100 on the first and second surface 56 of 
the first member penetrate through the first kerf edge 24 and 
embed into the bone of the cranial flap 20 to establish a 
mechanical lock between the first member and the cranial 
flap. The teeth 92 and 102 on the second surface 58 of the 
first member 42 penetrate through the second kerf edge 26 
and embed into the bone of the skull 10 to establish a 
mechanical lock between the first member and the skull. 

[0039] Similarly, as the first and second members 42 and 
44 move into the second condition of FIG. 4, the first and 
second surfaces 120 and 122 of the second member press 
firmly against the first and second kerf edges 24 and 26, 
respectively, and wedge the second member in the kerf 22. 
The second member 44 is wedged in the kerf 22 by circum- 
ferential pressure and frictional engagement between the 
first and second surfaces 120 and 122 of the second member 
and the first and second kerf edges 24 and 26, respectively. 
Further, the teeth 132 and 134 on the first and second 
surfaces 120 and 122, respectively, of the second member 
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penetrate through the first and second kerf edges 24 and 26, 
respectively, and embed into the bone of the cranial flap 20 
and the skull 10, respectively, to establish a mechanical 
interlock between the second member, the cranial flap, and 
the skull. 

[0040] When the first and second members 42 and 44 are 
in the second condition illustrated in FIG. 4, an upper 
portion 160 of the shaft member 46 that includes the second 
end 142 is sheared off using a cutting tool (not shown). The 
first recess 104 in the first member 42 provides space for the 
cutting tool to access the shaft member 46 in order to shear 
the shaft member at a desired location. As shown in FIG. 5, 
the upper portion 160 of the shaft member 46 is sheared off 
so that a newly-formed terminal end surface 162 of the shaft 
member lies approximately flush with the upper surfaces 84 
and 98 of the first and second sections 50 and 52, respec- 
tively, of the first member 42. 

[0041] Attachment of the cranial flap 20 to the skull 10 is 
completed occurs when each of the attachment devices 40 
spaced about the periphery of the cranial flap is moved from 
the first condition to the second condition as described 
above. The movement of each of the attachment devices 40 
from the first condition to the second condition may occur 
simultaneously or may follow a predetermined sequence, i.e. 
turn each shaft member 46 one rotation at a time. When each 
of the attachment devices 40 has been moved to the second 
condition of FIG. 4, the circumferential pressure and fric- 
tional engagement between the first and second members 42 
and 46 and the kerf edges 24 and 26 wedges the attachment 
devices in the kerf 40, thereby preventing the cranial flap 20 
from moving axially or laterally relative to the skull 10. The 
engagement of the teeth 90, 92, 100, 102, 130 and 132 on 
each of the attachment devices 40 with the edges 24 and 26 
of the kerf 22 aids in preventing the cranial flap 20 from 
moving relative to the skull 10. 

[0042] FIGS. 6 and 7 illustrate the attachment device 40 
in an optional third condition. The first and second members 
42 and 44 of the attachment device 40 are moved from the 
second condition of FIGS. 4 and 5 to the third condition of 
FIGS. 6 and 7 by additional rotation of the shaft member 46 
prior to shearing off the upper portion 160. In the third 
condition, as the first and second members 42 and 44 are 
drawn further together, a portion 170 of the second member 
moves into the second recess 112 between the first and 
second sections 50 and 52 of the first member. The ability of 
the attachment device 40 to move to the third condition 
allows the attachment device to adapt to smaller skull 
thicknesses, such as occurs with pediatric patients. As dis- 
cussed previously, when the attachment device 40 has been 
wedged in the kerf 22 and the cranial flap 20 is secured to 
the skull 10, the upper portion 160 of the shaft member 46 
is sheared off, as is shown schematically in FIG. 7. 

[0043] FIGS. 8 and 9 illustrate an attachment device 
constructed in accordance with a second embodiment of the 
present invention. In the second embodiment of FIGS. 8 
and 9, reference numbers that are the same as reference 
numbers used in the first embodiment of FIGS. 1-7 are used 
to identify parts in the second embodiment that are the same 
as parts in the first embodiment. 

[0044] According to the second embodiment, the first and 
second members 42 and 44 of the attachment device 240 are 
connected by a shaft member 250. The shaft member 250 is 


fixedly connected to the second member 44 and extends 
through an opening 260 (FIG. 9) in the bridge section 54 of 
the first member 42. The outer surface of the shaft member 
250 includes two axially extending rows of teeth 252. The 
two rows of teeth 252 are disposed diametrically opposite 
one another. Each of the teeth 252 has a ramp surface 254 
and a catch surface 256. 

[0045] The opening 260 through the bridge section 54 
includes a diametrically opposed pair of deflectable detents 
262 for engaging the two rows of teeth 252 on the shaft 
member 250. Each of the detents 262 has a stop surface 264 
that is engageable with the catch surface 256 on a respective 
one of the teeth 252 to prevent movement of the shaft 
member 46 away from the first member 42. 

[0046] To attach the cranial flap 20 to the skull 10 using 
the attachment device 240 according to the second embodi- 
ment, the shaft member 46 is pulled axially through the 
opening 260 so that the second member 44 moves toward the 
first member 42. The shaft member 46 may be pulled axially 
using a tool (not shown) that grips the second end 142 of the 
shaft member. As the shaft member 46 is pulled through the 
opening 260, the ramp surfaces 254 on the teeth 252 deflect 
the detents 262 radially outward as the teeth move past the 
detents. The detents 262 then snap back radially inward 
between each of the teeth 252 so that the stop surfaces 264 
on the detents 262 engage the catch surfaces 256 on the 
teeth. The engagement of the stop surfaces 256 on the teeth 
252 and the catch surfaces 264 on the detents 262 prevents 
the shaft member 46 from being pulled out of the opening 
260 and away from the first member 42. 

[0047] As with the first embodiment, attachment of the 
cranial flap 20 to the skull 10 is completed when each of the 
attachment devices 240 spaced about the periphery of the 
cranial flap is moved from the first condition to the second 
condition, or the third condition, as described above. The 
movement of each of the attachment devices 240 from the 
first condition to the second condition may occur simulta- 
neously or may follow a predetermined sequence, Le. pull 
each shaft member 46 up one tooth 252 at a time. When each 
of the attachment devices 240 has been moved to the second 
condition, the circumferential pressure and factional 
engagement between the first and second members 42 and 
44 (including the teeth 90, 92, 100, 102, 130 and 132) and 
the kerf edges 24 and 26 wedges the attachment devices in 
the kerf 22, thereby preventing the cranial flap 20 from 
moving axially or laterally relative to the skull 10. As with 
the first embodiment, when each of the attachment devices 
240 have been wedged in the kerf 22 and the cranial flap 20 
is secured to the skull 10, an upper portion 270 of the shaft 
member 46 is sheared off. 

[0048] The attachment devices 40 and 240 disclosed 
above eliminate the use of screws in the re-attachment 
process, winch reduces the amount of time needed by the 
surgeon to complete the re-attachment of the cranial flap 20. 
Further, the attachment devices 40 and 240 are disposed 
entirely within the kerf 22 and thus do not permanentiy 
contact the dura, nor do the attachment devices protrude 
beyond the outer surface 32 of the skull 10 which could 
result in unsightly bumps in the patient's skin. Finally, the 
attachment devices 40 and 240 are advantageously adaptable 
to a wide range of skull thicknesses. 

[0049] From the above description of the invention, those 
skilled in the art will perceive improvements, changes and 
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modifications. Such improvements, changes and modifica- 
tions within the skill of the art are intended to be covered by 
the appended claims. 

Having described the invention, we claim: 

1. An apparatus for attaching a cranial flap to a skull 
during surgery, the cranial flap and the skull being spaced 
apart by a kerf defined by a first kerf edge on the cranial flap 
and an oppositely disposed second kerf edge on the skull, 
said apparatus comprising: 

at least one attachment device comprising relatively mov- 
able first and second members, said first and second 
members being movable relative to each other along an 
axis; 

said first member having oppositely disposed first and 
second surfaces for engaging the first and second kerf 
edges, respectively, said first member further including 
an opening extending along said axis; 

said second member having oppositely disposed third and 
fourth surfaces for engaging the first and second kerf 
edges, respectively; and 

a shaft member connecting said first and second members, 
said shaft member being attached to said second mem- 
ber and extending through said opening in said first 
member; 

said at least one attachment device being positionable in 
the kerf and movable from a first condition in which 
said first surface on said first member and said third 
surface on said second member are not engaged with 
the first kerf edge and the second surface on said first 
member and said fourth surface on said second member 
are not engaged with the second kerf edge to a second 
condition in which said at least one attachment device 
is wedged in the kerf by circumferential pressure and 
frictional engagement between said first and third sur- 
faces and the first kerf edge and by circumferential 
pressure and frictional engagement between said sec- 
ond and fourth surfaces and the second kerf edge to 
thereby attach the cranial flap to the skull and prevent 
the cranial flap from moving relative to the skull. 

2. The apparatus of claim 1 wherein movement of said at 
least one attachment device from said first condition to said 
second condition is accomplished by axial movement of at 
least one said first and second members toward the other of 
said first and second members. 

3. The apparatus of claim 1 wherein said first member has 
a wedge shape defined by said first and second surfaces 
extending at diverging angles relative to said axis. 

4. The apparatus of claim 1 wherein said second member 
has a wedge shape defined by said third and fourth surfaces 
extending at diverging angles relative to said axis. 

5. The apparatus of claim 1 wherein said first surface of 
said first member includes at least one radially extending 
extending tooth for penetrating through the first kerf edge 
and into the cranial flap and said second surface of said first 
member includes at least one radially extending extending 
tooth for penetrating through the second kerf edge and into 
the skull. 

6. The apparatus of claim 1 wherein said third surface of 
said second member includes at least one radially extending 
extending tooth for penetrating through the first kerf edge 
and into the cranial flap and said fourth surface of said 


second member includes at least one radially extending 
extending tooth for penetrating through the second kerf edge 
and into the skull. 

7. The apparatus of claim 1 wherein said at least one 
attachment device comprises a plurality of attachment 
devices positioned in the kerf and spaced apart around the 
periphery of the cranial flap. 

8. The apparatus of claim 1 wherein said shaft member is 
supported for rotation relative to said second member and 
has an outer surface that includes external threads. 

9. The apparatus of claim 8 wherein said opening in said 
first member includes internal threads, said second member 
being movable relative to said first member by rotation of 
said shaft member. 

10. The apparatus of claim 1 wherein said shaft member 
has an outer surface that includes at least one row of teeth, 
said opening in said first member having at least one detent 
that engages said at least one row of teeth, the engagement 
of said at least one detent in said at least one row of teeth 
permitting said second member to move axially toward said 
first member and preventing said second member from 
moving away from said first member. 

11. The apparatus of claim 1 wherein said first member 
has first and second sections connected by a bridge portion, 
said opening being disposed in said bridge portion. 

12. The apparatus of claim 11 wherein said second 
member is movable to a position in which a portion of said 
second member is disposed between said first and second 
sections of said first member. 

13. The apparatus of claim 11 wherein said first surface on 
said first member includes a first portion that extends across 
said first section of said first member and a second portion 
that extends across said second section of said first member, 
said second surface on said first member including a second 
portion that extends across said first section of said first 
member and a second portion that extends across said 
second section of said first member. 

14. The apparatus of claim 13 wherein each of said first 
and second portions of said first surface of said first member 
includes at least one radially extending extending tooth for 
penetrating through the first kerf edge and into the cranial 
flap and each of said first and second portions of said second 
surface of said first member includes at least one radially 
extending extending tooth for penetrating through the sec- 
ond kerf edge and into the skull. 

15. The apparatus of claim 1 wherein* in said second 
condition, said at least one attachment device is disposed 
entirely within the kerf and does not engage any other 
surfaces on the skull or the cranial flap. 

16. An apparatus for attaching a cranial flap to a skull 
during surgery, the cranial flap and the skull being spaced 
apart by a kerf defined by a first kerf edge on the cranial flap 
and an oppositely disposed second kerf edge on the skull, 
said apparatus comprising: 

at least one attachment device comprising relatively mov- 
able first and second members, said first and second 
members being movable relative to each other along an 
axis; 

said first member having a wedge shape defined by said 
first and second surfaces extending at diverging angles 
relative to said axis, said first and second surfaces for 
engaging the first and second kerf edges, respectively, 
said first member further including an opening extend- 
ing along said axis; 
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said second member having a wedge shape defined by 
said third and fourth surfaces extending at diverging 
angles relative to said axis, said third and fourth sur- 
faces for engaging the first and second kerf edges, 
respectively; and 

a shaft member connecting said first and second members, 
said shaft member being attached to said second mem- 
ber and extending through said opening in said first 
member; 

said at least one attachment device being positionable in 
the kerf and movable from a first condition in which 
said first surface on said first member and said third 
surface on said second member are not engaged with 
the first kerf edge and the second surface on said first 
member and said fourth surface on said second member 
are not engaged with the second kerf edge to a second 


condition in which said at least one attachment device 
is wedged in the kerf by circumferential pressure and 
frictional engagement between said first and third sur- 
faces and the first kerf edge and by circumferential 
pressure and frictional engagement between said sec- 
ond and fourth surfaces and the second kerf edge to 
thereby attach the cranial flap to the skull and prevent 
the cranial flap from moving relative to the skull, said 
at least one attachment device in said second condition 
being disposed entirely within the kerf; 

said at least one attachment device being movable from 
said first condition to said second condition by axial 
movement of at least one said first and second members 
toward the other of said first and second members. 

* * * + * 


05/21/2003, EAST Version: 1.03.0002 


